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FOREWORD 


This is a third volume of cosmic-ray publica- 
tions, which, we trust, will remain in scientific librar- 
ies throughout the world as a monument to the sustained 
cooperative efforts of a group of men with warm and 
lasting interest in the phenomena of geophysics. The 
elusive origins of the very high-energy radiations that 
come to our atmosphere from unknown reaches of space 
have not, as yet, been satisfactorily delineated by theory 
or by experiment. Because the orbits of charged parti- 
cles are so comprehensively changed by their encounter 
with the magnetic field of the earth, directions of arriv- 
al of these radiations do not appear to be reliable indi- 
cators of the origins of the particles. Time variations 
of the radiations, however, suitably interpreted, may 
give some firm indications of the mechanisms in space 
that yield radiations of such enormous energies as are 
observed in cosmic-ray work. This was the expecta- 
tion more than two decades ago, when the world net- 
work of cosmic-ray observing stations was set up by 
Carnegie Institution of Washington at the request of the 
late Professor R.A. Millikan, Professor A. H. Compton, 
and the late Dr. J.A. Fleming, who died in midsummer 
1956. This volume presents in detail the data obtained 
at the Instituto Geofisico de Huancayo, Huancayo, Peru, 
and at the station operated by the U. S. Coast and Geo- 
detic Survey at Cheltenham, Maryland. The Cheltenham 
instrument was moved to the new U. S. Coast and Geo- 
detic Survey station near Fredericksburg, Virginia, in 
October 1956. The data obtained at Christchurch, New 
Zealand, and at Godhavn, Greenland, are summarized 
in this volume. 
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The principal guidance for these studies has been 
in the hands of Scott E. Forbush of this Department, and 
a great deal of the technical computation and analysis 
has been carried out by Mrs. Liselotte Beach. The 
faithful work of the several observers in the operation 
and maintenance of the cosmic-ray meters at the insti- 
tutions mentioned was of course a foundation on which 
this work rests. Grateful acknowledgment is made to 
the Instituto Geofisico de Huancayo and its Director, 

Dr. A. A. Giesecke, Jr., for providing records from 
that station. These were obtained with equipment 
transferred as part of the Huancayo Magnetic Observa- 
tory by gift of the Department of Terrestrial Magnetism 
to the Peruvian Government on July 1, 1947. Special 
acknowledgment is due the staff of the Christchurch 
Magnetic Observatory for having scaled all the hourly 
cosmic-ray records at that station since April 1936. 

Carnegie Institution is happy to have the privilege 
of publishing this joint volume for the various institu- 
tions concerned. 

This work was carried out in part under a National 
Science Foundation Grant for the International Geophysi- 
cal Year Cosmic Ray Program, which support is grate- 
fully acknowledged. 


M. A. Tuve, Director 
Department of Terrestrial Magnetism 
Carnegie Institution of Washington 
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PREFACE 


The installation, operation, and maintenance of the 
four Compton-Bennett ionization chambers which pro- 
vided the data for this volume would have been impossi- 
ble without the enthusiastic cooperation of several or- 
ganizations and individuals. To the Instituto Geofisico 
de Huancayo and its Director, Albert A. Giesecke, we 
are grateful for making available the records from 
Huancayo. These were obtained with equipment belong- 
ing to the Huancayo Magnetic Observatory, which was 
transferred July 1, 1947, by gift of the Department of 
Terrestrial Magnetism to the Government of Peru. We 
express our appreciation to the Director of the U. S. 
Coast and Geodetic Survey for providing space for the 
meter at the Cheltenham Magnetic Observatory, and to 
the members of the staff of that observatory for effi- 
cient operation and maintenance of the equipment. 
Grateful acknowledgment is also made to the Director 
of the U.S Coast and Geodetic Survey for providing a 
building for the cosmic-ray meter at its new Freder- 
icksburg (Virginia) Magnetic Observatory and to the 
observer in charge there, Robert E. Gebhardt, for 
transferring the meter from Cheltenham in October 
1956. We acknowledge the cooperation of the Director, 
Magnetic Survey Division, Department of Scientific and 


Industrial Research of New Zealand, for making avail- 
able the facilities of the Geophysical Observatory at 
Christchurch; and to the Director and staff of that 
observatory we are particularly grateful, not only for 
efficient operation and maintenance of the meter, but 
also for scaling all the hourly cosmic-ray records for 
that station since April 1936. We also wish to thank 
the Director, Det Danske Meteorologiske Institut, and 
the Director and staff of its Geofysisk Observatorium 
at Godhavn, Greenland, for the effective operation and 
maintenance of the meter there. Grateful acknowledg- 
ment is made to the Government of Denmark for trans- 
portation of equipment and supplies to Godhavn. 

On July 1, 1959, the cosmic-ray meters at 
Christchurch, New Zealand, and at Godhavn, Greenland, 
were turned over respectively to the Department of 
Scientific and Industrial Research and to the Danske 
Meteorologiske Institut. Both these organizations have 
continued operation of the meters to date. 


Liselotte Beach and S. E. Forbush 
Department of Terrestrial Magnetism 
June 25, 1960 
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COSMIC-RAY RESULTS FROM HUANCAYO, 
CHELTENHAM, MARYLAND—FREDERICKSBURG, 
NEW ZEALAND; 


CHRISTCHURCH, 


PERU; 
VIRGINIA; 


GODHAVN, GREENLAND; 


AND UNIVERSIDAD NACIONAL DE MEXICO, 


INSTITUTO DE GEOFiSICA, 


MEXICO 


INTRODUCTION 


Volume XIV and volume XX of Researches of the 
Department of Terrestrial Magnetism (Carnegie Insti- 
tution of Washington Publication 175) contained cosmic- 
ray data from Huancayo, Cheltenham, Christchurch, and 
Godhavn. Volume XIV contained bihourly mean values 
for Huancayo and summaries of data for all four stations 
through 1946. Volume XX extended the summaries from 
Huancayo, Cheltenham, and Christchurch through 1955 
and from Godhavn through 1950, and in addition included 
not only bihourly mean values from Huancayo for the 
period January 1946 through December 1955 but also 
bihourly mean values from Cheltenham for the period 
March 1937 through December 1955. 

Volume XIV described a typical installation, the 
instrument used, the absolute values of ionization, and 
procedures for reduction of the data. It also gave the 
geographical coordinates, the altitude, and the geomag- 
netic latitude of the stations. The Fredericksburg Mag- 
netic Observatory is located at geographic latitude 


38° 12’ N and longitude 77° 22’ W at an elevation of 

69 meters above sea level. Universidad Nacional de 
México is at geographic latitude 19° 20’ N and longi- 
tude 99° 11’ W at an elevation of 2267 meters above 

sea level. 

The present volume includes data subsequently 
obtained through 1959 from Huancayo and Cheltenham— 
Fredericksburg. The station at Cheltenham was moved 
to Fredericksburg on October 5, 1956; care was taken 
to ensure that there is no discontinuity in the published 
values at the time of this transfer. Bihourly means and 
summaries for Huancayo and Cheltenham-— Fredericks- 
burg are included. Summaries for Christchurch are for 
the period January 1956 through June 1959. Bihourly 
means and summaries for Godhavn are for the period 
January 1954 through July 1959. Also included are 
bihourly means and summaries from Universidad 
Nacional de México, Instituto de Geofisica, for the 
IGY period July 1957 through December 1958. 


REDUCTION OF DATA 


For Huancayo the data in the present volume were 
reduced as described in detail in Volume XIV, except 
that after 1945 no IBM (International Business Machines) 
equipment was available to facilitate the reductions. 
The barometric coefficients used throughout are those 
given in Volume XIV. 

For Godhavn and Cheltenham the corrections for 
barometric pressure were scaled directly from the 
trace of the recording aneroid barometer on the cosmic- 
ray record. 

For Christchurch hourly mean pressures scaled 
at Christchurch are centered at 0.5, 1.5, 2.5., etc., 
hours. To correct the bihourly mean ionization at 
Christchurch for the interval 0-2 hours, for example, 
the average of the hourly mean pressures at 0.5 and 
1.5 hours was used, and similarly for the other bihour- 
ly means. For Huancayo instantaneous values of pres- 
sure at each 75° WMT hour were scaled at Huancayo 
from an ordinary barograph. From 1936 through 1945, 
the bihourly values of ionization were corrected using 
instantaneous values of pressure read at the mid-point 


of these bihourly intervals. It was recently found that 
from January 1946 through December 1958 the proce- 
dure used for Huancayo was changed, for reasons which 
will never be understood! This changed erroneous pro- 
cedure used the means of instantaneous values of pres- 
sure at hours 1 and 2, for example, to correct the 
bihourly value of ionization for the interval 0-2 hours. 
As a consequence, the pressure waves used to correct 
the ionization have their phases one-half hour too late. 
Fortunately, the resulting error in published bihourly 
means corrected for pressure for Huancayo never 
amounts to more than +0.2 per cent, which is of no 
serious consequence except for effects on diurnal vari- 
ation from a large number of days, since the standard 
deviation of bihourly values at Huancayo is about 0.4 
per cent. 

Beginning with January 1959, the correct proce- 
dure was re-established for correcting bihourly mean 
values of ionization for pressure at Huancayo. 

Table A gives for the 24-hour and 12-hour waves, 
on 75° WMT, the corrections for each month of the year, 
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Table A. Derivation of corrections to be added in the interval January 1946 through December 1958 
to harmonic coefficients on 75° WMT for Huancayo derived from published 
bihourly pressure-corrected values 


Correct values A 


12-hour wave 


44 Dot 


24-hour wave 


444 Py 


a 


Jan +19 +81 +48 -84 +29 
Feb 14 82 51 76 25 
Mar 14 82 50 80 25 
Apr 13 86 42 81 24 
May 19 99 39 86 32 
Jun 14 106 41 83 28 
Jul 14 107 40 88 28 
Aug 15 114 38 93 30 
Sep 24 101 37 98 37 
Oct 30 95 35 103 42 
Nov 24 95 34 96 36 
Dec 27 86 36 89 38 
Sum +227 +1134 +491 -1057 +374 
Mean +18.9 +94.5 +40.9 - 88.1 +31.2 


Harmonic coefficients * for pressure in units of 0.01 mm Hg 
A with phase 0.5 hour earlier f 


24-hour wave 


Additive correction } 
in units of 0.001% 


12-hour wave 24-hour wave 12-hour wave 


a b 


b 


+78 +25 -94 -30 +9 +69 +30 
79 30 86 33 9 63 30 

79 28 90 33 9 66 30 

84 20 89 33 6 66 24 

96 16 93 39 9 69 21 
103 18 91 42 9 69 24 
104 16 95 42 9 72 24 
111 13 100 45 9 75 24 
97 10 104 39 12 81 18 

90 7 108 36 15 84 15 

91 8 102 36 12 78 18 

82 12 95 33 12 72 18 
+1094 +203 -1147  -441 +120 +864 +276 
+91.2 +16.9 -95.6 -37 +10 +72 +23 


* Derived from averages for 1946, 1948, 1950, 1952, 1954. 
{t These coefficients are those that would be obtained from harmonic analysis of bihourly pressure values centered 
3 hour late when these bihourly pressures are assumed, in the harmonic analysis, to be centered at the correct time. 


ft From (a,, - a,,) x 0.030, (b, , - b,,) x 0.030, etc. 


to be added to the 24-hour and 12-hour waves obtained 
from harmonic analysis of the ionization erroneously 
corrected for pressure. Table A shows also the deri- 
vation of these corrections. If harmonic analysis of 
data in the interval January 1946 through December 
1958 are made using bihourly means on GMT and with 
origin at 0.0 hour GMT, then the coordinates of the 
corrections in Table A must be referred to the appro- 
priate reference axes. 

In a paper entitled ‘‘Diurnal Variation in Cosmic- 
Ray Intensity, 1937-1959, at Cheltenham (Fredericks- 
burg), Huancayo, and Christchurch’’ by Scott E. For- 
bush and D. Venkatesan, tables are given for the annual 


mean 24-hour and 12-hour waves at these three stations. 


In these tables, the values of these harmonic coeffi- 
cients for Huancayo for the period January 1946 through 
December 1958 are those that would be obtained from 
properly applied pressure corrections during that inter- 
val. 

This paper was published in the Journal of Geo- 
physical Research, volume 65, pages 2213-2226, August 
1960. It also contains a critical examination of the 
errors that can arise from inevitable friction (and im- 


perfect temperature compensation) in recording baro- 
graphs and microbarographs. 

Since installation of the meters at Huancayo and 
Cheltenham, the argon pressure at 15° C has remained 
constant through 1955 at 740 and 700 lb in.~2, respec- 
tively. For Christchurch the argon pressure at 15° C 
has remained constant through June 1959 at 740 lb in.-2 
since November 10, 1938; and at Godhavn it has stayed 
constant from September 1944 through July 1959 at 
580 lb in.-2. For Godhavn all departures from balance 
have been normalized to argon pressure 700 lb in.72 

It is important to note that all data in the present 
volume, as in volume XIV and in volume XX, are cor- 
rected only for barometric pressure. No other meteor- 
ological corrections have been applied. Consequently, 
seasonal waves are present in the data for all stations 
except perhaps Huancayo. In addition, the data at all 
stations except Cheltenham indicate slow changes in the 
background intensity. These instrumental drifts and 
seasonal variations are described in ‘‘World-Wide 
Cosmic-Ray Variations, 1937-1952,’’ Journal of Geo- 
physical Research, volume 59, pages 525-542, Decem- 
ber 1954. 


DESCRIPTION 


Instituto Geoffsico de Huancayo 

Tables 1-48.— Monthly tables for the period Janu- 
ary 1956 through December 1959 contain bihourly mean 
values of departure from balance corrected to 510 mm 
Hg. Bihourly mean values are centered at the indicated 
Greenwich mean hours. Tabular values are in units of 
0.1 per cent of total cosmic-ray ionization with 6.0 per 
cent added. 

Tables 49-52.—Annual tables for the period 1956 
through 1959 contain daily means of hourly departures 
from balance, corrected to 510 mm Hg. Tabular values, 
by months, are in units of 0.1 per cent of total cosmic- 
ray ionization with 6.0 per cent added to obtain the tabu- 
lated values. Superscripts a to k indicate the number 
of missing bihourly values 1 to 11, respectively. 

Tables 53-56.—Annual tables for the period 1956 
through 1959 contain bihourly values of diurnal varia- 
tion in departures from balance, corrected to 510 mm 
Hg, centered at the indicated Greenwich mean hours. 
Tabulations are by months, seasons, and years, from 
days with complete records. Means of three groups of 
four months each are designated by Roman numerals, 
as follows: I, January, February, November, Decem- 
ber; I, March, April, September, October; DI, May, 
June, July, August. Tabular values are in units of 0.01 
per cent of total cosmic-ray ionization, with 6.0 per 
cent added. 


Cheltenham Magnetic Observatory! 


Fredericksburg Magnetic Observatory 


Tables 57-104.— Monthly tables for the period 
January 1956 through December 1959 (tables 57-65 at 
Cheltenham, tables 66-104 at Fredericksburg) contain 
bihourly mean values of departures from balance, cor- 
rected to 760 mm Hg. Bihourly mean values are cen- 
tered at the indicated Greenwich mean hours. Tabular 
values are in units of 0.1 per cent of total cosmic-ray 
ionization, with 10.0 per cent added. 

Tables 105-108.—Annual tables for the period 
1956 through 1959 contain daily means of hourly depar- 
tures from balance, corrected to 760 mm Hg. Tabular 
values, by months, are in units of 0.1 per cent of total 
cosmic-ray ionization with 10.0 per cent added to obtain 
the tabulated values. Superscripts a to k indicate the 
number of missing bihourly values 1 to 11, respectively. 

Tables 109-112.—Annual tables for the period 1956 
through 1959 contain bihourly values of diurnal variation 


1 The station was moved from Cheltenham to 
Fredericksburg on October 5, 1956. 


OF TABLES 


in departures from balance, corrected to 760 mm Hg, 
centered at the indicated Greenwich mean hours, by 
months, seasons, and years, from days with complete 
records. Means for three groups of four months each 
are designated by Roman numerals, as follows: I, Janu- 
ary, February, November, December; I, March, April, 
September, October; III, May, June, July, August. Tabu- 
lar values are in units of 0.01 per cent of total cosmic- 
ray ionization, with 10.0 per cent added to obtain the 
tabulated values. 


Christchurch Magnetic Observatory 

Tables 113-116.— Annual tables for the period 
1956 through June 1959 contain daily means of hourly 
departures from balance, corrected to 29.00 in. Hg. 
Tabular values, by months, are in units of 0.1 per cent 
of total cosmic-ray ionization. Superscripts a to k 
indicate the number of missing bihourly values 1 to 11, 
respectively. 

Tables 117-120.—Annual tables for the period 
1956 through June 1959 contain bihourly values of 
diurnal variation in departures from balance, corrected 
to 29.00 in. Hg, centered at the indicated Greenwich 
mean hours, by months, seasons, and years, from days 
with complete records. Means for three groups of four 
months each are designated by Roman numerals, as 
follows: I, January, February, November, December; 
Il, March, April, September, October; HI, May, June, 
July, August. Tabular values are in units of 0.01 per 
cent of total cosmic-ray ionization. 


Godhavn Magnetic Observatory 

Tables 121-187.— Monthly tables for the period 
January 1954 through July 1959 contain bihourly mean 
values of departures from balance corrected to 760 mm 
Hg. Bihourly mean values are centered at the indicated 
Greenwich mean hours. Tabular values are in units of 
0.1 per cent of total cosmic-ray ionization, with 13.0 
per cent added. 

Tables 188-193.— Annual tables for the period 
1954 through July 1959 contain daily means of hourly 
departures from balance, corrected to 760 mm Hg. 
Tabular values, by months, are in units of 0.1 per cent 
of total cosmic-ray ionization, with 13.0 per cent added 
to obtain the tabulated values. Superscripts a to k 
indicate the number of missing bihourly values 1 to 11, 
respectively. 

Tables 194-199.—Annual tables for the period 
1954 through July 1959 contain bihourly values of diurnal 
variation in departures from balance, corrected to 760 
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mm Hg, centered at the indicated Greenwich mean 
hours, by months, seasons, and years, from days with 
complete records. Means of three groups of four 
months each are designated by Roman numerals, as 
follows: I, January, February, November, December; 
II, March, April, September, October; II, May, June, 
July, August. Tabular values are in units of 0.01 per 
cent of total cosmic-ray ionization, with 13.0 per cent 
added to obtain the tabulated values. 


Universidad Nacional de México 


Instituto de Geofisica 

Tables 200-217.— Monthly tables for the period 
July 1957 through December 1958 contain bihourly 
mean values of departures from balance, corrected to 
585 mm Hg. Bihourly mean values are centered at the 
indicated Greenwich mean hours. Tabular values are 
in units of 0.1 per cent of total cosmic-ray ionization, 
with 6.0 per cent added. 


Tables 218-219.—Annual tables for the period 
July 1957 through 1958 contain daily means of hourly 
departures from balance, corrected to 585 mm Hg. 
Tabular values, by months, are in units of 0.1 per cent 
of total cosmic-ray ionization, with 6.0 per cent added 
to obtain the tabulated values. Superscripts a to k 
indicate the number of missing bihourly values 1 to 11, 
respectively. 

Tables 220-221.—Annual tables for the period 
July 1957 through 1958 contain bihourly values of 
diurnal variation in departures from balance, corrected 
to 585 mm Hg, centered at the indicated Greenwich mean 
hours, by months, seasons, and years, from days with 
complete records. Means for three groups of four 
months each are designated by Roman numerals, as 
follows: I, January, February, November, December; 
Il, March, April, September, October; III, May, June, 
July, August. Tabular values are in units of 0.01 per 
cent of total cosmic-ray ionization, with 6.0 per cent 
added to obtain the tabulated values. 
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Daily mean departures from balance in units of 0.1 per cent of total cosmic-ray ionization, 
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